Esterases of 62 Serratia marcescens, S. liquefaciens, S. plymuthica and S. marinorubra strains were analysed by horizontal slab electrophoresis in polyacrylamide-agarose gel. Five principal bands hydrolysed P-naphthyl acetate but differed in their range of activity towards other substrates and in their sensitivity to di-isofluoropropyl phosphate. Additional bands were detected in some strains of S. marcescens and S. marinorubra. The comparative distribution of bands showed that the four Serratia species were characterized by distinct electrophoretic patterns of their esterases. Serratia marcescens, S. Ziquefaciens and S. plymuthica appeared to be more closely related to one another than to S. marinorubra. In the case of S.plymuthica and S. marinorubra, congruence was found between biovars and esterase patterns. The numerous electrophoretypes observed within Serratia species might provide useful epidemiological markers.
. Horizontal slab acrylamide-agarose gel electrophoresis was performed using 7 % (w/v) acrylamide and discontinuous Tris/glycine buffer, pH 8.7 (Uriel, 1966) . Esterase activity was revealed by the method of Uriel(l961) . Substrates used were: 1, a-naphthyl acetate; 2, a-naphthyl butyrate; 3, indoxyl acetate; 4, /3-naphthyl acetate; 5, /3-naphthyl butyrate. Relative intensity of The MF values were used only comparatively.
I the E, band hydrolysed /3-napbthyl esters and to a lesser degree the other substrates. The E, band, which reacted strongly with indoxyl acetate and weakly with P-naphthyl acetate, was broad and consisted of three sub-bands; the E5 band was active towards P-naphthyl esters.
M,
whereas bands E, and E, remained active under these conditions.
Band El was inhibited by M-DFP and bands E3 and E, were inhibited by
Serratia liquefaciens
The five principal bands were found in 13 S. liquefaciens strains (Fig. 1 b) . Differences in mobility between bands El, E, and E, were generally small and two or three of these bands were superimposed in some strains: El and E, for strains 24, 26, 30 and 31 ; El and E, for strains 25 and 27; E, and E, for strains 17 and 21 ; and all three bands for strains 18 and 22. Separation and characterization of bands was then achieved by varying the concentration of acrylamide and by differential DFP inhibition. In each strain, bands E, and E5 showed electrophoretic uniformity with the exceptions of strain 29 (E, band) and strain 28 (E5 band). Variations in esterase mobility between the strains distinguished at least 13 electrophoretypes. For strains 21 and 23, similar esterase patterns were obtained after growth at 30 "C and 37 "C. 
Serratia marcescens
The esterase bands of S. marcescens strains were more widely spaced and their activity was generally less marked than in S. Ziquefaciens (Fig. 2a) . Bands E,, E, and E5 were resolved in all strains but band E, was defined in only six of the organisms (Fig. 2b) . Bands from bacteria harvested during stationary phase were more pronounced. Bands El, E2 and E3 were distinctly separated from each other. Band E, showed electrophoretic heterogeneity, while band E, exhibited two different mobilities: M p x 15 and M p N" 26 (like strain 28 of S. Ziquefaciens). In some strains two additional moderately coloured bands were detected : one hydroly sing a-naphthyl acetate and a-naphthyl butyrate and inhibited by lo-, M-DFP (strains 1, 3, 9, 11 and 16); another hydrolysing a-naphthyl acetate and indoxyl acetate and remaining active at M-DFP (strains 2, 4 and 7). Some minor bands were active towards acetate esters and resistant to DFP. Fourteen electrophoretypes were distinguished, and for strains 1 and 12 similar patterns were obtained after growth at 30 "C and 37 "C.
Serratia plymuthica
Bands E,, E4 and E, were resolved in all strains (with the exception of strain 39 for band E$, whereas band E, was defined within biovar C2b only (Fig. 3) . The latter was more prominent and migrated faster than the corresponding band of S. marcescens and S. Ziquefaciens, and was inhibited by M-DFP. In biovars C2a and C2b, the E, band exhibited electrophoretic heterogeneity but bands E, and E, were electrophoretically homogeneous, with the single exception of strain 39 for band E,. In biovar C~C , band E4 migrated slower than band E5 and all three bands exhibited electrophoretic homogeneity. Nine electrophoretypes were found in biovar C2a and C2b, but only one was found in biovar C2c. Congruence was found between the biovars and esterase patterns. Serratia marinorubra Only faint esterase bands were observed with bacteria harvested in exponential phase but in those from stationary phase the bands were defined more clearly (Fig. 4) . Band El migrated more slowly than E2 and was inhibited by 5 x ~O-,M-DFP. In some strains, especially in biovar B3, these bands were very faint. Band E, was present in two strains only and bands E4 and E, were not detected. Two additional bands, both sensitive to DFP, were visualized: the one in biovar B1, designated EY1, hydrolysed acetate esters and was inhibited by lo-, M-DFP; the other, which was present in all three biovars and designated EM2, migrated cathodically, hydrolysed P-naphthyl acetate and was inhibited by
M-
DFP. Eleven electrophoretypes were distinguished, and for the 13 strains of known biovar, good correlation was obtained between the biovars and esterase patterns.
DISCUSSION
Nine types of esterase bands differing in their hydrolysing activity towards carboxylic esters, sensitivity to DFP and electrophoretic mobility were found in extracts of Serratia strains. The distribution of the esterases varied among species (Figs 1 to 4 ; Table 2 ). Band El was observed in all four Serratia species but was absent in numerous strains. The mobility of band E2 increased from S. marcescens through to S. marinorubra (Table 2) but was not resolved in S. plymuthica strains. The mobility of band E, increased from S. rnarcescens through to S. plymuthica, its electrophoretic distribution ranging from MF m 36 (Fig. 2) to ME" N" 83 (Fig. 3) . Bands E4 and E, were present in all strains of S. liquefaciens, S. marcescens and S. plymuthica, with two exceptions for band E4 in strains 29 and 39, but were not detected in S. marinorubra. The distance between bands E, and E5 decreased from S. marcescens through to S. plymuthica. For each of the principal bands S. marcescens exhibited the slowest mobility. Additional bands were observed in some S. marcescens and S. marinorubra strains.
The finding that Serratia species may be characterized by the distinct electrophoretic patterns of their esterases agrees with earlier reports for Protew and Providencia (Goullet, 1975) , Salmonella (Goullet, 1977) , Levinea malonatica, Levinea amalonatica and Citrobacter (Goullet & Richard, 1977) . The differentiation of Serratia by esterase profiles is consistent with the results obtained by numerical taxonomy (Bascomb et al., 1971; Grimont et al., 1977 b) , DNA hybridization (Steigerwalt et al., 1976) and electrophoresis of proteases (Grimont et al., 1977~) . On the basis of the esterase profiles in the present study, S. marcescens, S. liquefaciens and S. plymuthica appear to be more closely related to one another than to S. marinorubra. Differentiation of a biovar within S. plymuthica and S. marinorubra by esterase bands was possible. The numerous electrophoretypes observed within Serratia species could represent a potential method for epidemiological analyses.
